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NACA RM No. L5SHZ28¢ CONFIDENTIAL
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESBARCH KEMORANDOM

INVESTIGATION OF DIVE BRAKES AND A DIVE-RECOVERY FLAP

ON A HIGH-ASPECT-RATIO WING IN THE
LANGIEY 8-FOOT HICH-SPEED TUNNEL
By Axel T. Mattson

SUMMARY

.~ The results of tests made to determine the aero-
dynamic characteristics of & solid brake, a slotted brake,
and a dive~-recovery flap mounted on a high-aspect-ratilo
wing at high Mach numbers are presented., The data were
obtained in the Langley S-foot high-spced tunnel for cor=
rected Mach numbers up to 0.94,0. The results have been
analyzed with regard to the suitabllity of dive-control
devices for a propesed high-speed alrplane in limlting
the airplane terminal lach number by the use of dlve
brakes and in achieving favorable dive-recovery charac=-
teristics by the use of a dive-recovery flap, The
analysis of the results indicated that the slotted brake
would limit the proposed airplane terminal iach number
to values below 0.850 for altitudes up to 35,000 feet
and a wing loading of 80 pounds per square foot and the
dive-recovery flap would produce trim changes required
for controlled pull-outs at 25,000 feet for a lMach number

‘range from 0.800 to 0.900. Basic changes in spanwise
loaeding are presented to aid in the evaluation of the
wing strength requirements.

INTRODUCTION

The investigation presented was undertalken because
of the adverse compressibility phenomena that affect the
longitudinal stability and control of high-speed airplanes
and because of the vital need for safety in dives at high
Mach numbers. The investigation was conducted in the
Langley B-foct high-speed tunnel in order to obtain data
for use in evaluating the aecrodynamic characteristics of
dive~-control devices at high ¥ach numbers. The aerody-
namic characteriastics of a low-drag wing equipped with a
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80lid brake, a slotbed brake, and a dive-rscovory flap
for application as dive-control devices are preaented,
The dive brakes were ilnvestigated primarily to determine
their application as speed-limlting devices at high Mach
numbera., Some evaluation of thelr flight characterlstics
was also made, The dive-recovery flap was lnvestigated
to determine 1its effectiveness in producing a controlled
pull-out frcem a high-speed dlve.

The high-speed aerodynamle characteristics, which
include the 1ift, span loading, pltchlng mement, drag,
and weke widths for the high-aspect-ratio wing have been
analyzed snd are presented in reference 1. The data
proasented hereln include the same aerodynamlc character-
iatics as affected br a solld brake, a slotted brake, and
& dive-recovery. flao. Also included in the present lnvea-
‘tigatlion are . incrensnts 13 average downwash resulting
‘froin the additicn of a dive-recovery flap. Data for Mach
numbers up to .d. 9k are presented, - : -

si.n.mor',s A:‘-m ccar:'mpmﬂrs-

.

gpssd ‘of sound in undisturbed stream, fset per
aecond . . ) : .

'span of model reet'15'15):

: section chord of model, feet .

-'=mean aerouynamic chorn (037 ft) i
* Mach number in undistirbed stream (v/a') o

statlic pressure in undisturbed’ stream, pbunds .per
square foot

local static preséure'at a point on alrfoil section,
pounda per squars foot

P «-Dp
ﬂpressure coefficient 3(T~1;-%>

'Zuﬁdisthbédastreamfdynahic pressure, pounds per
" aquare :foot (%nv?)
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area of complete model, square feet (1.10)
velocity in undisturbed stream, feet per second

distance along chord from leading edge of section,
feeot

distance along semispan from wing center line, feet
angle of attack, degrees

mass density in undisturbed stream, slugs per cublc
foot

estimated terminal Mach number
Reynolds number
increment in downwash angle, degrees
1 angle of incidence of stabillizer, degrees

AH loss of total pressure between free stream and
station in wake

W/3 airplane wing loading, pounds per square foot
Subscripts:

cr critical

L lower surface of airfoll section

U upper surface of airfoil section

The coefficients are defined as follows:

¢, Section normal-focce coefficient

J; ° (PL - PU)dx
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section pitching-moment coefficient about 25-percent-
chord station

=-fé-f¢(PU- Pf)(x -E)dx

0n wing normaleforce coefficient

2 o2
CN—"S' 0 ccny

] wing pitching-moment coefricient about25 percent-
Bo/ls chord station o . -
1b/2 2

c/h' Sc' o ¢ Omdy_ B
CD wing prorile-dra's coéffiﬁieﬁt: TR
o _ . fotent’

b
Sng section loadlng

APPARATUS AND METHODS

The Langley B-foot high-speed tunnel, in which the
tests were conducted, is of the single-return, closed-
throat type. The Mach number at the throat is continu-
ously controllable, The air-stream turbulence in the
tunnel 13 small but slightly higher than in free alir, A
complete description of the baslec model and tunnel setup
is given in reference 1 with the corrections for model
constriction, wake constriction, lift-vortex interference,
and model inaccuracies. All the data presented are for
corrscted Mach numbers unless otherwlse specified.

The high-aspect-ratio wing used in this investigation
is the same wing used in the tests of reference 1 waith
dive-control devices added. The wing has an NACA 65-210
section, an aspect ratio of 9.0, a taper ratio of 2.5:1.0,
no sweepback, twist, or dilhedral (reference 1). The
effoctive span of the model is 37.8 inches, the root
chaord is 6 inches, and the tip chord is 2.4 inches. The
model wing included 20 static-pressure orifices placed
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at each of eight stations along the span. The spanwise
locatlons of the stations in’ percent of the semispan

are 11, 20, 30, 43, 56, 6L, 80, and 95. The four inboard
etationa were placed on the 1ert half of the wing and the
four .outboard stations were placed on the right half of
the wing. The wing and the locationsa of the oriflces are
ghown in figure 1.

In the investigation two types of dive brake having
the. same over-all dimensions and the same location were
mounted on the model wing. (See fig, 2.) The solid
brake consisted of a solid plate having a span approxi-
mately 20 percent of the wing semispan and a height .the
same as the wing thickness (10 percent of the loecal wing
-chord)., The face of the slotted brake includes three
banks of four slots inclined 10° to the air stream. Each
8lot was anpproximately 25 percent of the brake span and
10 percent of the brake height, (See rig 3.) .

. The dive brakes were located on both the upper and
lower surface of the nodel wing at 50 percent of the wing
chord,. 'The .dive brakes were located spanwise, symmetrical
about the wing center 1line; the center of the upper-
surface brake was located at approximately 20 percent of

-~the wing semispan; and the center of the lower-surface
brake was located at approximately 12 percent of the wing
semispan. (See fig. l.) The unsymmetrical spanwise
location of the brakes was used because of-a possible

- Installation in which the brakes could be: applied by
rotating in a plane normal to the chord iine about a
common support. The inboard location was necessary to
1nsure adequate rodel strongth,

o "The dive-recovery flap was located on the 1ower sur-
E race of the model wing. (See fig., 5.) The model flap
was of the wedge type with a chord 10 percent of the
local wing chord and a span 20 percent of the wing gemi-
span. (3ee fig. 6.) The leading edge of the flap was
located at 30 percent of the wing chord and the center of
‘the flap was approximately 20 percent of the wing semis-
.pan from the model center line. The flap was
.deflected 30° with reference to the wing chord line.
‘Pressure orifices were installed on the dive-recovery
giap zt)corresponding wing stations A, B, and Cs (See

s. L]

.. No force measurements were made during the teats.
All tke 1ift and moment data wete obtained from e
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integrations of the pressure-distribution measureménts .
The pressures at the 16l orifices wers recorded simul-
taneously by photographing -a multiple tube manometer,
The pressure-distribution measurements were made for a
.corrected Mach number range’ from 0.4,00 to 0.940. The
tunhel chcked at an uncorrected Mach number of 0.945.

The brake configurations were tested at angles of
attack of 0%, 20, ©,'7% and 10° for Mach numbers
of - 0.,00 and’0.600 and at angles of attack of 0°, 2°
and 4O for the complete Mach number range. The dive-
recovery flaps were teated at angles of attack of -29,
09,29, 4%, and 7° for the complete Mach nunber ranue.

. The wake-survey drag measurements were made inde-
pendently. of the pressure measurements, These measure-

~.ments were made for uncorrected Mach numbers of 0.)00,
0,600, 0.725,.0.760, 0.800, 0.850, and 0.880. As :
pointed out in rererence 1, the tunnel cholred with the
wake-survey rake-support strut installed when the uncor-
rected Mach number in the region of the model was 0.880.
A calibration of the tunnel ~ith the wake-survey strut
‘in place indicated that the results are essentially
unaffected by choking effects up to the choking Mach .
number of the wake-survey strut. (See reference 1l.). .
Wakeé-survey measurements were made  at' six spanwise sta-
tions 1.4 root chords behind tae- 25-percent~chord 1line .
of the wing. These statlions were 11, 20, 26,5, 30.2,
33,3, and 2,9 nercent of the wing senispan from the
model-~support plate. Wake-survey measurements for oubt-
board stations of 60, 80, 95, and 102 percent semispan
were obtalned from the data of reference 1., -These meas-
urements were made for the complete Much number and angle-
of-attack ranges. In order to obtaln wake-width measure-
ments at a typical tail location, wake surveys. were, made
at a atation 2.82 root chords behind the 25~ percent-chord
line of the wing, 5 inches from the support plate or .
26.4 percent wing semispan. oo

Dewnwash measurements were made at a station
2,87 root chords behind the 25-percent-chord line of the
wing for the wing with dive-recovery flap and wing aldne
and 26.4 percent of the wing semispan from the suppor€
plate. The measurements were made by a small calibrated
yaw head. The yaw-head messurements were made at '@ point
located 70 percent of the chord above the center 1ine of
the tunnel. The measurements.were made for a Mach number
range from 0.400 to- 0.880 at angles of, attack of o°, 2°,
Le, ana 7°. .

CONFIDENTIAL
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The variation of model Reynolds number in the Langley
8-root high-speed tunnel, based on the uean nerodynamic
* chord of the model wing (0.37 ft), as a function of test
Mach number is precented in figure 7. The variation of
level-flight airplane 1ift coefficient with Mach number
for wing loadings of 60 and 80 pounds per square foot are
presented in figure 8.

In order to aid, in' locating the. various figures in
this report, a figure index has been preparcd giving the
figure number, title, Mach number range, and angle-of-
attack range. (See table I.)

" RESTLTS

[

Pressure Distribution end Span Losdings

Basic nressure distributions.- The basic chordwise
pressure distribvutions for the solid brake, slotted brake,
and dive-recovery flap for zpanwise stations of 11, 20,
30, and 443 pereent semispan for. lach numbers of approxi-
-mately 0.600, 0.800, and 0.93C and angles of attack of 0°,
449, and 10° are presented in figures 9 to 20. These data
1llustrate, the section chordwise loadings that occur with
the application of the dive-control devices and the
! appéarance of compressibllity effects. The chordwise
- pressurc-distribution reasuremnents for all spanwise sta-
tlons have heoen integrated to determine the corresponding
section normal-force and mouent coefficlents, Ths span-
wise variations in section loading are presented in
figures 21 to 23, “'hen compared with the rcsults of
reference 1 figures 21 to 2% illustrate the changes in
- aerodynamic forces along the span of the model caused
by the application of the dive-contnol devices for varia-
tlons In angle of attack and lach number,

Normal force and pltching moments.- The spanwise
variations in normal-force and pltching-moment coeffi-
- clents were integrated along the wing semispan for each
- angle of attack and test Mach number to obtaln total wing
normal-force coefficients and total pitching-moment coef-
‘flcients, The total wing pitching-moment coefficients
are based on the mean aserodynamic chord of the wing (0.37 ft)
‘and were calculated about a point located at 25 percent of
the chord, These normal-force and pitching-moment coeffi-
cients are presented for the solid brake, slotted brake,

CONFIDEMIIAL
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and dive-recovery flap at eack angle of attack plotted
against Mach number in figures 2}, 25, and 206, reaspec-
tively. The results for the model wing alone are pre=-
sented in reference ‘1. . :

The effects of the solid braike, slotted brake, and
dive-recovery flap on the static longltudinal stabllity
characteristics of the wing are shown in figure 27. The
variation of dC,/da and dC,/da with Mach number for
an airplane level-flight wing loading of 60 pounds per
square foot for the wing alone and for the wing with
solid brake, slotted brake, and dive-recovery flap are
presented in figures 28 and 29. 1. order to illustrate
further the effects of the dive-control devices on the
aerodynamlc characteristics of the wing, the increments
in nornal-force and moment coefficients due to the solid
brake, slotted breke, and dive-recovery flap are pre-
sented against Mach number in figures 30 to 32.

Drag

: 'aSection wake surveys at five spanwise stations have
been reduced to total profile-drag coefficients by use

. :of expressions including the effects of compressibility
- 8imilar to those prescnted in reference 1. These results

are presented for each dive-control configuration in
figures 33 to 35 for consatant angles of attack through a
. range of Hach number from 0.;00 to 0.565. The wake-

;. Burvey measurements taizon at stations 11.0 and 20.2 per-
. cent of the wing semirsan - that is, directly behind the
brakes - are subject Lo srrors introduced by difficulty
in obtaining measuremoerts of the extreme total-pressure
losses in the wake, The errors are bolizved to be a
small psrt of the total drag and become unimportant when
‘the total drag 1s used to estimate the ter:inal Mach num-
ber. The data and calculations pressnted are believed
to be closely representative of the drag increanses that
can be expected.

Trom the draeg results obtained an estimated varia-
tion of airplanc drag coefficlent with Mach number for
the solid and slotted brakes at wing loadings of 60 and

0 pounds per squars foot are presented ia fisures 36
and 57. 1In these fl-uves the variation of wing drag
coefficlent for 0° angle of attack obtained from results
presented in reference 1 are presented as a check on the
variation of estimated airplane drag coefficlent with
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Mach number obtained from reference 2. The generalized
drag curve cobtained from unpublished data was extrapolated
up to a Mach number of 1.0 and the extrapolations are used
only to 1llustrate the high terminal Mach numbers to be
expected for this airplane with a wing loading of 60 and
80 pounds per square foot. The increments cbtained for
the sclld and slotted brakes were added to the estimated
airplane variation. From these data, the terminal Mach
number estimasted for the compplete alrplane with and with-
out the s0lid and slotted brakes are presented in fig-
ures 38 and 39 for wing loadings of 60 and 80 pounds per
square foot for altitudes up to 35,000 feet.

Viake Profiles

Vertical varlations in total-pressure lcoss in the
wake AH/q were measured at a station representing a
typical horlzontal-tall locatlion and are presented for
the wing with the dive-control devices for various angles
of atteck and Mach numbers in figures L0 to L2. This
survey station 1ls 2.82 root chords behind the 25-percent-
chord line and 5 inches from the support plate
(26.,-percent wing semispan), which represents a possible
tall location. All th: wale dimensions are given in
terms cf the wing root chord. These results show the
waite width in the reglon of the tail and the wake spread
with increase in Mach number.

Downwash and Dstimated Stability

Changes in downwash for model configurations with
and without the dive-recovery flap were measured in a
reglon representing a typlcal horizontal-tall location.
These changes in downwash angles ars representative of
changes 1n tall loads resulting from the actlion of the
dive-recovery flap. The variation in increments in down-
wash with Mach number for constant angles of attack are
presented in figure 43.

An estimated qualitative comparilson of elevator-
fixed static longltudinal stability characteristiecs esti-
mated for a proposed high-speed airplane with dive-
recovery flaps is presented in figure L.

CONFIDENTIAL
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DISCUSSION
: :f;nive-Brake Characteristics

* .. The primary purpose of a dive breke is to limit the
terminal Mach number of a high-speed alrplane without
creating . a serious stabllity problem, trim change, and
-flight hazard such as buffeting excited by low-frequency
wake fluoctuations. The slotted brake was designed pri-
marily to decrease, with a minimum loss in braking effec=-
tiveness, some of the serious effects usually associated
with a s30lid brske such as 1lift loss, moment changes, and
buffeting tendencles.

Drag.- A large increase in wing profile drag resulted
from the application of the dive~-control urakes., The
‘results presented lllustrate the drag coefficients that
can ‘be obtained when alr brdkes are introduced in flow
‘fields induced by the wing and corresponding wing-
interference drag. <{See figs. 33 and 3L.) The drag
“variation with Mach number for both the solid and slotted
_ brakes indicated rapid increases up to the highest test
Maoh number. The profile-drag coefficlent for the slotted
brake at a Mach number of 0.4 and an angle of attack of 0°
is approximately 30 percent lower than the corresponding
value obtained for the solid brake., The profile-drag
coefficient for the slotted: -brake, however, lncrsases
more rapidly with Mach number so that for a Mach number
of 0,85 the slotted brake presents a reduction in profile-
drag coefficient of approximately 8 percent lower than
that of the total solid-brake drag. This greater rate in
drag increase with Mach number can be accounted for by a
choking condition for the slotted brake; that is, a con-
stant mass flow through the brake slots, which with .
increasing Mach number will effectively cause the slottaéd
brake to approach the cheracteristics of the solid brake,
‘The  variastion of drag for the wing wlth dive brakes with
angle of attack indicates a decrease in profile-drag
cosefficient with increasse in angle of attack. This varia-
tion 1s expected since at 0° angle of attack the brakes
are normal to the free-stream air-flow direction, whereas
with increases in wing angle of attack corresponding )
changea in brake angles occur. This change ln brake
angle may be visualized as a decrease in effective brake
frontal area with increasing angles of ettack.

CONFPIDENTIAL
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Estimated terminal Mach number.- The effectiveness
of the so.id and slotted dive brakés in Iimiting the
terminal ‘Mach number of a high-speed airplane for wing
loadings of 60 and 80 pounds per square foot has been
estimated by use of a generallzed dra; curve from refer-
ence 2 and the drag results presented herein. (see
figs. 36 to 39.) The estimated terminal ilach number for
the airplane with a wing loading of 60 pounds per square
foot at 25,000 feet altitude 1s approximately 0.950.
With the applicatiou of the 8slotted brake the estimated
terminal ach number for these same conditions is 0,595 .
and with the ‘application of the solid brake, 0.675. At
35,000 fect, the slotted brak: will liait the estlmated
terminal ach nundber to 0.505 and the solid brake will
limit the estimated terminal Mach number to approxi-
mately 0.795. For a wing loading of 50 pounds per square
foot and 25,000 feet altitude, which renresents the most
sevore condition considersd, the slotted brake will 1imit
the estimated terminal Mach number to 0,380 and the aolid
brake will limit the sstimated terminal hach numb:r
to 0- 7\4.

.. Wake profiles.- The wake :1qtha for the dive brakes
at a station approximating ths probable tall location for
varicus angles of attack and !lach numbers are presented
in figures 40 and L;1. The solid brake produces a broad
erratic wake that slightly increases in wildth with Mach .
number. The width of the wake ranges from approximately
70 percent of the wing root chqrd below the wing chord
line to approximately 70 percent above the wing chord
line for 0° angle of attack. At an angle of attack of L°
and a Mach number of 0,383%, the wake boundary for the
80lid brake has increased to 1 wing chord above the wing
chord line:. The slotted brake provides a decresse in
wake widths of approximately 20 percent compared with the
80114 bralie. The wake boundaries for the slotted brake
do not secm to be as srratic as those indicated for the
solid brake, especlally for the lower-surface brale,
which sugrests a possible reduction in magnitude of the
wake vonticitx At an angle oi attack of h and a Mach -
number of 0.3bl], the wake oouadnr for the wing with the
slotted brake 1is approximately uO vercent of the wing
chord avove the wing chord 11ne as compared with 1 chord
length for the solid brake. The walre of the brakes 1if
located in front of the hcrizontal %ail will envelop the
tail for a recommended tall location of 70 percent
above the wing chord (references 1 and 3).

CONFIDENTTAL
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" Normal force and pitchiing noments.- The varlation
of normal-force and pitching-moment coefficlents with
Mach number for the so0lid and slotted brales are presented
in fizures 2y and 25, respectively. The variation of
normal-force coefficient with !lach number for the solid
brake below the force breal for angles of attack of 0°
and 2° 15 5mall; howsever, a more ranlid increase 13 indi-
cated for the larger angles of attack. At the higher
Kach numbers, that 1s from C.Z0v to 0,900, there 1s a
decreasé in nornal-force coefficient and, consequently,
an inerease in angle for zero lift. For the slotted
brake the variation of normal-force coefficient with Mach
numher indlcates a premature break in thé rormal-force-
coefficient varlation cocurring at a ¥ach namber of
approximately 0,6CD for angles of attack of 0° and 2°,
(Ses fig..25.) This premature force Lreak is =0t cone
sidered serious and examinatlon of the spanwise section
loadings indicdtes shifts that at the higlhier Yach numbers
move inboard toward the brake. (Sse fip., 22.) At the
higher Mach numbers, this shift 4in span lpoading increases
the section loading at a station approximately 50 percent
of the wing semispan. It may te reasoned that, for a .
¥ach number range from 0,600 to. C.740, a choling condi-
tion 18 occurring for the flow through the slotted brake,
which demands a readjustment of the flow over the wing.
Beyond a lach number of approximately 0.200, the usual
decrease 1in normal-force cosfficient occurs; however, the
force bremk 1s nct so severe as that entountered for the '
wing alone in reference 1. (See figs., 24 and 25.) The
data also indicate an increase in sormal force beyond &
Mach number of 0,900 for angles of attack of 0° and 2°,
The variation of pitching-moment coefficients about the
wing 25-percent chord with lach number for both the solid
and slotted brakes indicates no umusual characteristics ..~
and both types of brake. seemed to improve the wins-alon®
variations. . . - o o

In order to ovaluate more completely the effects of
the dive brakes with regard to changes in wing character-
istics, the varistion of inerecments in normal force and
pitching moments produce? by the dive brakes with Mech =
number is considered. Thess data are presented in fig-
ures 30 and 31, The results indicate & loss in normale-
force coefficient Tor both the solid and slotted hrakes:
however, a greater loss is 1indicated for the solld brake.

Both the solid and slotted brake produce positive
increments in wing pitching-morent coefficients. The
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slotted brake, however, ptroduces a slightly greater
increment than the s0lid brake.

Stapllity.- The statle longitudinal stablility char-
acteristics for the wing with dive Lrakes compared with
those for the.wing alone are presented in flgure 27. In
general, the wing alone (refersnce 1) .tends to become
more stahle with Increases in Mach number. Forr examplse,
&t a ¥ach number of 0.400 for a normal-force-coefficient
range from 0.1 to O.i; the wing alone 1s neutrally stable,
becoming- slightiy unstable at the larger ncrmal-force
coefflclents. A3 the "ach numver 1s increassd, the wing
alone becomes increasingly stable with large increases
in stsbllity occurring at a Kach.nunber of 0,900. The
application of the solild and slotted brakes lncreases to
a small degree the stabllity of the wing except at high
¥ach nuivers. The wing stebllity varlations for both the
solicd and slotted vralkes are dlsplaced tec a deslrable
positive or pull-out pltching-moment coeffleclent range,
which may be indicative of a poslitlive trim change.

Application to complete airplane.- The wing statio
longlitudlinal starility characteristics as defined oy
nornal-force and moient coefficlents for the slotted
brake seem to be, 1n general, satlsfactory with regard
to anplication at high Mach nuambers, and the offective-
ness of the slotted Lrake in limlting the airplane ter-
minal.Mach nuiber compares favorably wilth that of the
so0lid bralke, :

It should be noted here that the 1inboard location
of the dive brakes Investigated was determined by model
strength, Unpublished downwash measurement and fluctua-
tions made behind the brakes 8t a tall locatlon recom-
mended 1In references 1 and 3 (70 percent above the wing
chord lineg) Indicat:d erratle flow produced by the dive
brakes, viake envelopment of the horlzontal tall in the
recommended locatlon would be unecountered. (Sce scetlon
entitled "iake profile™.) These results indicate the
undesirabllity of a brake locatlon in front of the hori-
zontal tall. An outboard location of the dive brakes 1s
recormended. It 1s bdelleved that an outboard location
of the dive brakes would insure proper functloning of the
horizontal tail and lnerease the trim 1ift coefflcient
for the alrplane but an investigatlion of a specific air-
p%;netconriguration will be necessary to determine these
effects. :
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Dive-Recovery-Flap Characteristics

Yormal force and pltching moments.- The varlation
of norinal-force coafilclent for the dive-recovery flap
with Mach number indlicates a rapld increase in normal-
force coefficliont up to a Mach mumber of 0.800 for
009 angle of attack. The normal-force coefficlents
decreased rapidly with further increases in llach number.
The pltching-rnonent coefficlent for constant angles of
attack have small or nearly coustant variations for a
Mach nusber range from 0.400 to approximately 0.650.
From a Mach number of C.65C to 0,250 an Incrcase in posi-
tive or pull-out moment 1is indicated; however, at Mach
numbers from 0.200 to 0.925 a slight decrease occurs.

At the highest achi number the pitching noments for all
angles of attack assume a positive rioment coefficlent.
(See fig., 26.)

‘Inerements in normal-force and moment coerficients.-
The dlve-recovery flap, the fundamental purposes of which
are to lncrease wing 1irt and to produce favorable pull-
out moment changes at high ’lach numbers, Indicutes an
increase in normal-force and positive moment coefficlent
through most of the test Mach number range for angles of
attack of 00, 22, and ;0. For angles of attack of (°, 20,
and ho, the normal-force coefficlent incremzsnt for the
dive-recovery flap inecreases rapldly with Mach number.
For an angle.of attack of 0° at a Mach number of 0.500
the increment in normal-force coefficlent produced by the
dive~recovery flap 1s aosproxiziately 0.3. For the highest
test angle of attack - that 13, 79-a loss in normal-force
coefflclent occurs for a&ll Mach numbers, (See fig. 32.)

The ‘basiec -chordwise pressure distributions and sec-
tion loadings. 11lustirate the varilations dlscussed. (See
figas, 17 to 20 and 2%3.) In general, the dive-recovery
flap with 1ts forward-chord locatlon (30 percent of wing
chord) increases the local prsssures over the forward
part of the.lower surface of the airfoll with svparated
flow develoned behind the flap and a corresponding
decrease iIn prcssures over thoe upper surface of the alr-
foll., At low lmgh numbers this chordwise prossure dise
tribution does not represent an Iincrease in over-all 1ift
mainly because of the ssparated region induced behind the
flap, which tends to nullify the increased 1lift experienced
over the forwvard part of the alrfoil. The small increment
in norual force that occurz for a iiach number of 0.,00 can
be seen in fipgure 32,
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With increases in Mach number, corresponding
increases in local velocitles distribute the chordwilse.
pressures so that rapid increases ln 1lift occur over the
forward part of the airfoil with the effect of the sepa-
rated flow behind the flap tending to remain the same.

At a Mach number of arproximately 0.929, however, the
rearvard shift in upper-surface pressures seems to nullify
some of the important increase in 1lift produced by the
dive-recovery flap; a loss in flap elfectlveness above a
Fach numbsr of 0,200 is thus 1indicated. (See figs. 17

and 20.) The changes in wing moment produced by the dive-
recovery flap 1s apharent from these corresponding changes
" in chordwise loadiny., The incrcased loading for the for-
‘ward part of the airfoil, which increases with increase

in Mach number until the rcarward shift in uppor-surface
loading occurs, will inecrcase the pull-out moment for most
conventional airplane center-of-gravity locations. The
effects of the diva-recovery flaps on the variation in
spanwlse section loadings have Leen .compared wilth the

wing alonc for angles of attack of 0° and 4°. (Sec

fig. 2%.) Yor & ¥ach numdeér of 0.400 and an angle of
attack of LO the dlvc-rscovery flan decrcasss the scection
loading; however, a slisht lnerease 1ln scction loading
‘occurs outboard of the flap. %Yilth inereasc¢ in liach num-
ber the dlveo-rccovery flap for constant angle of attack
up to approximately Eo produces increases in scction
loading over most of the span.

Stability.- The wing with the dive-recovery flap
‘for a Mach number range up to 0.850 Ffollows closely the
wing-alone static longitudinal stability variation, the
curve being displaced to a vositive moment direction.
(See fig. 27.) For Ilach numbers of 0,900 and 0.925, how-
" ever, the wing and dive~-recovery llap becomne slightly
unstable with some decrease In the positive moment. At
the higher normal-force coefflcients and l‘ach aumbers,
a large incrcase in stability occurs, The effscts of
the stability changes for the dive-recovery flap will be
dlscusaed further by use of downwash rieasurements and
unpublished tall characteristics to estimate over-all
alrplane static longitudinal stability cheracteristics
at high !Mact numbers.

Downwash.~ The divc-recovery flap produces slight
decrease in downwash, from & Mach number of 0.,00 to
approximatelﬁ 0.750. At a Kach number of 0.500 to a Mach
number of 0.890 for anglass of attack of 09, 2°, and 4° a
rapid increase in downwash occurs. (See fig. Li3.) For
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0° angle of attack at a Mach number of 0.300 the downwash
inecrement produced is essentlally 0°; however, at a Mach
number of 0,890 the dovnwash increment has increased to
approximately Ii°.  The large lnerease in downwash dus to
the divé-recovery flap will produce a large pull-out
moment for this range of iach number. At an angle of

. attack of 7° the dilve-rccovery flap does not contribute
to an increased downwash but shows a decresse ln downwash
of ap roximatel* 10 at a Mach number of 0,850, (See
fig. These downwash measurements were made at a
station COPPGSﬁOﬂdinE to 25.8 percent of the semispan.

. bkxamination of spanwicse varlation in section normal force
- for the dive-recoverr flap compared with the wing alone
(fig. 23) shows that the variation in section loading at
the 25.0~percent station with MYach number agrees qualie-
tatively with the measured lncrement in downwash.

Arplication to comvlete airplanc.- The general aero-
dynamic merits of the dive-recovery flap with regard to
wing alone have heen discussed; howsver, further analysis
13 needed to evaluate more completely the effectliveness
of the dlve-recovery flap in producing desirable airplans
pull-out characteristics, By use of the wing results of
- reforence 1, downwash measurements, unpubllshed tall char-
actﬂristics, and the results presented hereln, the longl-

tudinal stabllity and trim changes were calculated for
the alrplane with and without the dive-recovery flap for
Mach numders of 0.3u0, 0.325, 0.£50, and 0.890. (S3es
fig. L.} These calculaticns are not considzrcd quanti-
-tatively exact; however, they lllustrate the over-all
elevator-fixed static longitudinal atability character-
istics and trim changes that may be encountercd with the
application of the Aive-recovery flap., These caleulatlons
indicate thet a rather large dsersase in trim 11ft coef-
ficlent will oceur for the alrplane without the dive=-
recovery flap for a !Mach number inercase from 0.d00

to 0.890. The application of the dive-recovery flap,
however, produces an increase in trim with elevator fixed
for a Mach number of 0,500 and a-siiilar but slightly
greater increase in trim 1lift coefficlent for a Mach num-
ber of 0.89C. These caluulations represent a stick-fixed
trim change that, for a w)ng loading of - 60 pounds ner
square foot at 2: 000 fset at llach numbers of .500

and 0.890, will co“reupond to approximately a 3.6g pull-
out; however, at lower altitudes the nprmal acceleration
will be sorewhat greater, (See figs. & and L4.) From
the results and calculations of the present paper the
dive-recovery flap 1nvest1gated may be concluded to
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With increases in Mach number, corresponding
increases in local velocities distribute the chordwise
pressures so that rapid increases in 1ift ocew: over the
forward part of the airfoil with the effect of the sepa-
rated flow behind the flap tending to remain the same.

At a lach number of arproximately 0.929, however, the
rearwvard shift in upper-surface pressures seems to nullify
some of the important increase in 1irt produced by the
dive-recovery flap; a loss in flap effectiveness above a
Mach numbsr of 0.000 1s thus indicated. (Sece figs. 17

and 20.) The changes in wing moment produced by the dive-
recovery flap is apparent from these corresponding changcs
in chordwise loadinz. The incrcased loading for the for-
ward part of the airfoill, which increases with increase

in Mach number until the rcarward shift in upper-surface
loading occurs, will increase the pull-out moment for most
conventional airplane center-of-gravity locations. The
effccts of the dive-recovery flaps on the variation in
spanwise section loadings kave been compared with the

wing alonc for angles of attack of 0° and LO. (See

- fig. 23.) Yor a Fach mumder of 0.4U0 and an angle of
attack of LO the divi-rscovery flan decreascs the ssction
loading; however, a sli~ht Incrsase in scection loading
‘occurs outboard of the flap. with increasy in kKach num-
ber the divo-ricovery flap for constant angle of attack
up to approximately K° produces increases in section
loading over most of the span.

Stability.- The wing with the dive-iecovery flap
for a Mach number range up to 0.850 follows closely the
wing-alone static longitudinal stability variation, the
curve being displaced to a rositive moment direction.
(See fig. 27.) For llach numbers of (,900 and 0.925, how-
ever, the wing and dive-recovery flap become slightly
unstable with some decrease in the positive moment. At
the higher nor=mal-force coefficients and lMach numbers,

a large increase in stability occurs, The effects of
the stabllity changes for the dive-recovery flap will be
discussed further by use of downwash ncasurements and
unpublished tail characteristics to estimate over-all
alrplanc static longitudinal stability characteristics
at hiph !ach nunters.

Downwash.~ The diva-recovery flap producss slight
decrease in downwash, from & Much number of 0.,00 to
approximatelg 0.750. At a Mach number of 0,500 to a Mach
number of 0,390 for angles of attack of 09, 22, and 4° a
rapid increase in downwash occurs. (See fig. [3.) For
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provide satisfactory pull-outs for an alrplane configura-
tion.in the range of Mach number from 0.800 to 0.903.

. liake profiles.- The dive-recovery flap produces a
wake approximately 1 chord In wldth displaced below the
wing chord line. At a Nach number of 0,837 and an angle
of attack of 4,9, the flap upper-wake boundary 1s approxi-
mately 50 percent of the wing ciiord above the chord line;
however, at this point a wake loss (AH/q of approx. 0.0ﬁ)
was measured that 1s bellieved to be introduced 2y an
upper-surface siiock disturbance. ~Thia disturbance 1is
apparent for all anzles of attack and, for an angle of
attac!: of 4% at a lNach number of 0.3J7, extends to 140 per-
cent of the wing chord above the wing chord. (See fig.
The arplitude and fluctuations in the waite produced by
this indlcated shock disturbance ghould not be serioas
and 1s similar to that analyzed in reference 2,which may

. five an indication of the structural stiffness needed for
the fuselace and tall design.

Drag.- The variation of drag coefficlient with Mach
number for the dive-recovery flap indicatzs a large
inercase in wing profile drag from a Hach number of 0.750
to -the highest Mach number tested. At a jach number
of 0.850 for an -angle of attack of L9 the dive-recovery
flap represents an increase of approximately 59 percent
of the wing-alone drag. (Se€ reference 1 and fig. 35.)

CONCLUDING REMARKS

The present invcstigation of sliisilar solid and
alotted dive brakes mounted on a model of a high-aspect-
ratio wing has shown that the slotted brakes are slightly
less effective than the solid brekes in limiting the ter-
minal Mach numbcr of a proposcd high-specd bombor. The
slotted brake was estimated to limit an airplanc terminal
Mach number to values below 0.350 for altitudes up to
35,000 feet and wing loadings up to £0 pounds per square
foot: The slotted bralre decreased slightly the serious
effacts usually associated with a solid brake such as
1ift loss, wing moment changes, and wake fluctuationa.

It is recommended that the slotted breke be located out-
board on the wing to prevent wake envelopment of the
horizontal tail.
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.- . A dilve~recovery flap of the same relative dimensions

and location investigated herein installed on a high=

speed airplane should produce trim changes required for

Euléqgggs at 25,000 feet for e Mach number range from 0,800
O . ] [ ] . . B . . . .

L&nglex Mém&fiél'Aeronhﬁﬁical-nabératoryi
.Natlonal Advisory Committee for Aercnautics °
Langiey Fleld, Va. . Lo
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TABLE I.- INDEX OF FIGURES

Range

Title Angle of
) Mach number attack

Model detalls

Pressure-orifice loce-
tions on 65-210 wing

30lid and slotted dive
brakes mounted on
wing in Langley
8-foot high-speed
tunnel :

Slotted dive brakes

Solid and slotted dive
brakes at 50-percent-
chord locatlon on
65-210 wing

Dive-rocovery flap
mounted on wing

Location of 30°
dive-recovery flap
at 30-percent-chord
location on lower
surfacc of
65-210 wing = |e—eemceee-- -

Reynclds number

Variation of test
Reynolés nunber with
Mach number 0.00 to 0.875

Level-flight 1ift

Variation of level- .
r'licht 11ift coef-
Ticient with Mach
number |o.hoo to 0.500
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TABLE I.~ INDEX OF FIGURES - Continued

Hange

angle of
Mach aunber attack
(deg)

Fressure dlstrilbution

Prossure distribution
at the ll-percent-
semispan station for
wing with so0lid .

-|.. brake 0.600 to 0,925{ .0 to 10.0

Pressure distribution
at thé 20-percent-
semlspan station for
wing witk solld
brake

zssure distributlon
at the %0-percent-
.semispan statlon for
wing with solid
brake

Pressure distribution
at the L3-percent=-..
semlapan statlion for

_.wing with solid
brake: - - .

Pressure distribution
at the ll-percent- .
semispan station for
wing with slotted
brake

Pressure dlstribution
at the 20-percent-
semlspan station for
wing with slotted

~ brake

Pressure distribution
at the 30-percent-
semlspan station for
wing with slotted
brake
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TABLE I.- INDEX OF FIGURES - Contlnued

Range

Title

Mach number

Pressure disE}ibution - Continued

essure distribution
at ths [ 3-percent-
aemispan station for
wing with slotted
brake

Pressure distribution
at the )l-percent-
semispan station for
wing with dive-
recovery flap

Pressure dlstribution
at tho 20-psrcent-
semispan statlon for
wing with dive-
rccovery flap

sssurce distribation
at the ZJl=-vercent- .
semispan station for
wing with dive-
rccovery flap

Pressurc distribution
at the L3-vercent-
semispan station for
wing with dive-
rccovery flep

0.600 to €.925}! 0 to 10.0

0 to 4.0

N

Spanwise s¢ction loading

Spanwise variation in
scetlon loading for
wing with solid
brake

- -

0.400 to 0.940} O to 10.0
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TABLE I.~- INDEX OF FIGURLS ~ Continued

Range

Angle of
Mach number attack
{deg)

Title

Spanwlse sectlon loading - Continued

Spanwlse wvarlation 1in
section loading for
wing with slotted .
brake 0.400 to 0.937| 0 to 10.0

Spanwlss variation in
section loading for .
wing with dive- '
recovery flap " 04400 to 0.929]-2.0 to 7.0

Normal force and pitéhing moments

Variastion of normal-
force and pltching-
moment coefficients
with Yach number for .
wing with solid ' ) :
brake 0.400 to 0.925| 0 to 10.0

Variation of normal- ' J
force and pltching~
moment coefficlents
with Mach number for
wing with slotted
brake

‘|Variation of normal-
force and pitching-’
noment coefficients
with Mach number for
wing with dive-
recovery flap

Stabllity

‘
1
[
A
'

Stability characteris~
e tics for various -
F il . ' model configurations|0.400 to 0.925{-2.0 to 10.0

e .
- g
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TABLE I.- INDEX OF FIGURES - Continued

Title Mach numoer

Normal-force and pitching-moment slopes

Slope of normal-force-
coefficient curve
for u loading of
60 nounds per square
foot at an altitude
of 35,000 feet 0.400 to 0.925

lope of pitehings
rnoment-coefficlient
curve for a
loading of 60 pounds

per sqguare foot at |

an altitude of

35,000 fect

Normal-force and plteching-moment increments

Variation of incre-
mental normal-force
and nltching-moment
cosfficients with
Mach number for
80lid brake 0.400 to 0.925! 0 to 10.0

Variation of incre=-
mental normal-force
and pitching-moment
courficlents with
Mach numver for
slotted brake

Variation of incre-
mental normal-{orce
and pltching-rioment
coafficiunts with
Macih number for
dive-recovery flap
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TABLE I.- INDEX OF FIGURES - Contiriisd

i Range

'n i Angle of
Title Mach numbzr attack
(deg)

Proflle drag

Varlation of profille-
drag coefflclent
with Mach number for
wing with solid
brake , 0 to 10.0

Variation of profile-
drag coefflclent
with Mach number for!
wing with slotted
brake 0.400 to

Varlation of profile-
drag cocfflclent
wilith Mach number for
wing with dive- ] -
recovery flap 0.400 to 0.850|-2.0 to 4.0

Terminal Mach number -

Estimated varlation of
alrplane drag coef-
flclent with Mach
mmter for terminal
Mach number predic-
tion for airplane -
wing loadlng of
60 pounds pecr square ,
foot at varilous . .
altitudcs . © 10,400 to 0.900

Eatimated varlatlion of
alrplan¢ drag coaf-
flelont with *ach
number for terminal
Mach number predlc-
tion for airplans
wing loading of

0 pounds per square
foot at various
altitudes
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PABLE T.- INDEX OF PIGURES - Continued

Rangy

Angle of
Title Mach number attack

{deg)

Terminal Mach numter - Continued

Zstimated veriation of
taprinel MYagh runber
with gltitude for wing
loading of 60 pounds
per square foot 0.1400 to 0.900

Estimated variation of l ]
terrinal Fach number |
with alt!tude for ving
lcading of £0 pounds
per squarc foot !

Wake profiles

“take profiles for H

several ¥Noch numbers
"'2.82 root chords
behind the 25-percent:
chord line for wing
with solid brake 0.700 to 0.883%

Wake nrofiles for
seyeral Mach numbers
2.82 root chords
behind the 25~percent
chord line for wing
with slotted brake [0.760 to 0.884

ake profiles for
several Mach numbers
2.82 root chords
behind the 25-percent
chord line for wing
with dive-recovery
flap 0.760 to 0,887
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TABLE I.- INDEX OF FIGURES - Concluded

. . aahge
w1, Angle of
Title Mach number attack
(deg)

Downwash

Variation of change in
-downwash angle wilth
Mach number for the
dive-recovery flap
measured 70 percent .
of chord above the
center line 0.400 to 0,900

Letimated comparative stabllity

Lestimated  comparison
of elevator-fixed
static longitudinal
stablllty character-
istics for complete .
airplane with dive- L
recovery flap | 0.8 to 0.89
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NACA RM No. L6H28c Fig. 2a,b
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(a) Solid brake.

(b) Slotted brake.

Figure 2.- Solid and slotted dive brakes mounted on wing in
Langley 8-foot high-speed tunnel.
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- Dive-recovery flap mounted on Wing.

Figure 5.
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30-degree flap

W/‘ng leading edge
Reflection plate
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Figure 6 .—Location of 30-degree dive-
recovery flap on wing lower surfoce. All
dimensions are in inches.
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(b) M =0.508.
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Figure (2.~ Pressure distribution at the <43-percent-
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